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Abstract 
SUBJECflVITY OF ESTIMATING BLOOD LOSS AMONG HEALTH CARE PROVIDERS IN 
THE OPERATING ROOM 
Hugh Andrew Siegel, BSN 
School of Allied Health Professions--Virginia Commonwealth University 
August, 1 993 . 
Major Director: Thomas Bowman, MS, CRNA 
This research utilized a descriptive study to establish a relationship between 
educational background and accuracy of estimating blood loss. The null 
hypothesis, that the educational background of health care providers in the 
operating room has no effect on the accuracy of estimating blood loss , was 
tested. Ten nurse anesthesia students, 8 certified registered nurse anesthetists, 
16 operating room registered nurses, 1 2  anesthesiologists, and 9 surgeons were 
included in the sample population. A number of different protocols were 
utilized to assess the relative accuracy of blood volumes estimates. The study 
was separated into four stations. Station I consisted of three tables, each with 
different sizes and types of sponges with varying amounts of blood placed on 
them. Four estimates were required at each table, for a total of 1 2  estimates. 
Stations 2-3-4 contained different aggregates of blood-soaked materials, 
requiring a single estimate at each station. Repeated measures analysis of 
varience (ANO VA) revealed that the means across all groups in Station I 
reached statistical significance beyond �= .05 (< .00 1 ) ,  and the hypothesis is 
VII 
rejected for equal group means. However, the results for Stations 2-3-4 for 
equal group means did not reach statistical significance ( IL = . 1 3 6), therefore, 
do not reject the null hypothesis of equal group means. 
Chapter One 
I ntroduction 
During the course of a surgical intervention involving the active loss of 
whole blood from the patient, estimation of operative blood loss is a vital 
assessment made by all members of the health care team. The accurate 
evaluation of blood loss is a guide both to the treatment and to the 
identification of causes of excessive blood loss (Duthie et al., 1 990). Numerous 
studies comparing estimations of blood loss to clinically measured techniques 
reveal statistically significant differences between the two groups. It has 
been pointed out that the higher the measured blood loss, the greater the 
difference between measured and estimated blood loss (Duthie et al., 1 990). An 
average of 40 % error in estimating blood loss emphasizes the necessity for 
closely assessing the clinical response of the patient during an operation, to 
include measurement of vital signs and hemoglobin/hematocrit (H/H) values 
(Cullen, 1 96 1  ). Estimations of blood loss from the operative field remains the 
standard measuring guideline, along with the laboratory measured H/H for 
the replacement of fluid deficits that arise during a surgical procedure. The 
deficit is usually replaced with crystalloid and/or colloid solutions, or with 
various types of blood products, depending on the necessity of the replacement 
fluid. 
In recent years, increasing attention has focused on the cost and risks of 
replacing blood loss with blood or blood products (Hahn, 1989). The primary 
concern of health care providers is the risk of transmitting disease (HIV, 
Hepatitis) through the transfusion of these products. Blood products that 
generally are not considered risk free include whole blood, packed cells, 
plasma, platelets, and cryoprecipitate (Cone, Day, Johnson, Murray, & Nelson, 
1 990). Transfusion of blood products has been a routine practice with little 
perceived risk, but now has become a routine practice with considerable risk 
to the patient (Spence, 1 991  ). Therefore, accurate assessment of blood loss is 
essential for the surgical course of treatment for the patient. 
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Currently the literature lacks data relating to the subjectivity of estimating 
blood loss in the operating room among the various care givers in this setting. 
The purpose of this study is to determine if there is, in fact, a significant 
margin of error in estimating blood loss when compared to measured values, 
and to determine whether the educational background of the health care 
provider in the operating room is a contributing factor to accurately 
estimating this loss. 
Statement of Purpose 
The purpose of this study is to determine whether the educational 
background of health care providers in the operating room is a contributing 
factor in accurately estimating blood loss via visualization in a controlled 
setting.  
Statement of the Problem 
Is there a significant difference among the various caregivers m the 
operating room in accurately estimating blood loss during a surgical 
procedur e? 
Hypothesis 
3 
Educational background of health care providers in the operating room has 
no effect on the accuracy of estimating blood loss. 
variables 
Independent. 
the participant. 
The independent variable is the educational background of 
Dependent. The dependent variable is the precision and accuracy of 
subjectively estimating blood loss via visualization. 
Definition of Terms 
The operational definitions for the purpose of this study are listed below: 
Educational background. Educational background is the level of education 
attained by the participant , to include: registered nurse, anesthesiologist, 
certified registered nurse anesthetist, and physician (surgeon). 
Accuracy. Accuracy is the percent difference between the actual amount of 
blood and the amount that was estimated by the participant. 
Estimation. Estimation is defined as the participants approximation of the 
volume of blood on the materials presented in the study. It was performed 
without the aid of measuring devices. 
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Blood Loss. Blood loss is the volume of blood that was measured and placed on 
sponges, towels, gowns, and drapes that are commonly used in the operating 
room. 
Assumptions 
The following assumptions are acknowledged by this investigator: 
1 .  Subjects in this study verify level of education upon participating in the 
research study . 
2. All stations utilized in the research process are unchanged from subject 
to subject. 
Limitations 
The limitations created by the methodology of the study include: 
I. The participants subjectivity in making estimates at the various areas in 
the study. 
2 .  The participants previous experience with the subject matter being 
investigated. 
5 
Delimitations 
The delimitations imposed by the investigator include: 
1 .  The sample is one of convenience: a non-probability sample of surgeons 
(attendings, residents), operating room nurses, certified registered nurse 
anesthetists, nurse anesthesia residents, and anesthesiologists at a single 1 ,052 
bed mid-Atlantic, university teaching hospital. 
Conceptual Framework 
Before analyzing the subjectivity of estimating blood loss in the operating 
room by the various health care providers, it is necessary to understand the 
normal physiology of blood and blood products, and how it relates to 
hemodynamic stability during an operative procedure. The focus of this 
section is to present the concepts of blood physiology so that literature 
relating to estimations of blood loss, and blood and fluid replacement during an 
operation can be understood. 
Blood Components 
Blood is a suspension of various types of cells in a complex aqueous medium 
called plasma. Blood makes up approximately 6% of total body weight, and is 
essential for metabolism and the defense of the body. The normal adult has an 
average total volume of about 3 L  of plasma. Various constituents can be found 
in the plasma including proteins, lipids, electrolytes, amino acids, vitamins, 
carbohydrates, carbon dioxide, and gaseous oxygen which is dissolved in the 
plasm a .  
A closer look at the constituents in plasma shows how they work in unison 
to maintain a homeostatic environment for the cells they surround. The 
electrolytes in plasma maintain the optimal pH within physiological limits. 
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These ions also maintain the osmolarity of the plasma, typically around 280-
300 mi l l iosmoles/kg ( Stoelting, 1 991 ). Inspired oxygen d iffuses from the 
pulmonary a lveoli  into the c i rcu lating p lasma via the pulmonary capi l l aries 
and then to the red b lood cel ls,  where i t  combines with hemoglobin.  Carbon 
d ioxide also d i ffuses from the peripheral capi l l aries and is carried by the 
p lasma to the lung where it can be excreted. The plasma normal ly contains 
about 7g of protein/dec i l i ter (dl). The protein can be divided into two groups, 
the albumin and the immunoglobul ins .  Albumin maintains the colloid osmotic 
p ressure that regulates the passage of  water and d iffusible solutes through the 
capi l l aries .  When albumin i s  in a decreased concentration, fluid 
accumulation, or edema, can be expected. The other groups of proteins, the 
immunoglobul ins ,  or  antibodies arise upon stimul ation of  lymphocytes in 
response to their exposure to antigens. The immunoglobu l ins  also consiti tute 
the majority of  gamma globu l in  in p lasma. Other plasma proteins include 
fibrinogen (needed in the clotting process), enzyme inh ib i tors ,  m any enzymes 
and their precu rsors, proteins that mediate the biological effects of  immune 
reaction (complement), and spec ific proteins that act as carriers for other 
blood constituents such as vitam ins ,  i ron, and hormones. 
The blood also contains various cel ls ,  each with its own purpose to maintain 
homeostasis within the body. These cel ls  include the erythrocytes, or  red 
blood cel ls .  The percentage of blood made up by the red blood cells is termed 
the hematocri t .  Hemoglobin is a protein synthesized in the marrow by the 
precursors of the red blood cel l .  White blood cell s ,  also called leukocytes, can 
be d iv ided into five cl asses: neutrophi ls ,  basoph i ls ,  monocytes, eosinph i ls,  and 
l ymphocytes. Leukocytes are the body's protection mechanism . The other cel l  
found in blood are the platelets. They p lay an import ant role in the control  of 
bleeding and in the formation of clots within b lood vessels (Berne & Levy, 
1 98 8 ) .  
Oxy�:en content of blood 
B lood loss during an operative procedure needs to be judiciously assessed 
throughout the course of the surgery. Replacement of the loss needs to be 
considered when a hypothetical point is reached. The primary reason for 
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replacing b lood loss with blood is to maintain the oxygen carrying capacity of  
the  blood. This oxygen content i s  defined as  the  number of cc of oxygen 
contained in 1 00 ml of blood: 
where: 
Ca02=Hb x 1 .34 x Sa02 + 0.003 x Pa02 
Hb = gm of hemoglobin/dl 
1 . 34 = the number of cc of oxygen bound to I gm 
of saturated hemoglobin. 
Sa02 = % oxyhemoglobin to total hemoglobin, fractional 
saturation. 
0.003 = the oxygen solubility in plasma 
Pa02 = the arterial oxygen tension, mmHg 
If the hemoglobin is 1 00 %  saturated, the oxygen content of blood with 1 5  
gm/dl  o f  hemoglobin is 20ml/dl . For oxygen to be used in the tissue, i t  must be 
circu l ated, via the cardiac output, which averages 5 l i ters/m in for an average 
adult at rest. Therefore, oxygen delivery is the product of cardiac output and 
oxygen content , or approximately l ,OOOml/ minute (Mil ler, 1 990 ). The tissues 
on an average extract 5 ml of oxygen from every 1 00 ml of blood flow. As the 
hematocrit decreases, the tissues may either extract more oxygen,  if blood flow 
remains constant, increase blood flow i f  the volume of oxygen extracted is to 
remain constant, or to decrease oxygen consumption. Because cardiac tissue 
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extracts at twice the rate of other tissues and because the normal  compensation 
for anemia  involves increased cardiac work , the heart has been considered the 
organ that determines the l imit  at which anemia i s  tolerated (Tremper, 1 992). 
Hemodynamic Preservation and Blood Loss 
During the course of a surgical procedure, a l arge volume of blood can be 
lost in  a short period of  time. If not corrected, a situation similar to 
h emorrhaging occurs, in  which the fil l ing pressure of  the vascu lar system is 
reduced ( Yang & Puri ,  1986 ) .  The consequence is diminished venous return 
and stroke volume. The mean arterial  b lood p ressure hardly changes with 
blood loss of up to 1 5ml!kg body weight for the average adult ,  but fal l s  
considerably i f  more blood is lost. T h e  body compensates for t h e  changes in  
v enous return and stroke volume by a series of m echanisms that B ern e  and 
Levy d escribe as negative feedback mechan isms. They are termed "negative" 
because the secondary change in pressure is opposite to the in i tiat ing change 
(Berne & Levy,  1 988) .  Stimulation to the baroreceptors located in  the 
intrathoracic v essels ,  including the aortic arch and carot id sinuses, is 
d imini shed during acute blood loss due to the reduction in mean arterial 
pressure and in pulse pressure. Because their activity is decreased they exert 
a smal ler inh ibitory influence on the vasomotor and cardioinhib i tory centers, 
so that reflex v asoconstriction and increased heart rate are produced.  
Vasoconstriction occurs primari l y  i n  the resistance v essels of the v iscera, 
skeletal m uscle, skin,  and kidneys. The coronary and cerebral vessels are 
exc luded .  Capacitance vessels in skin and viscera are also vasoconstricted, 
reducing the capacity of these regions and thus improves the fil l ing  pressure 
of the v ascular system. The increased sympathetic di scharge produced also 
attributes to v enoconstriction. This sympathetic activation constricts c ertain 
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b lood reservoirs ,  that provide an autotransfusion of b lood into the c i rcu lat ing 
bloodstream (Berne & Levy, 1 988) .  In addition to the increased catecholamine 
release observed,  vasopress in ,  a potent vasoconstrictor, is actively secreted by 
the posterior pituitary gland in response to increased blood loss .  Removal of 
about  20% of  the blood volume increases the vasopressin secretion to about 40 
times the norm al rate. Independent of the reactions of the baroreceptors, the 
capacity of the vascular system is also reduced by the " reverse stress 
rel axation" of the vessels ,  and thus is additional ly  adjusted to the reduced blood 
volume. B ecause of  the constriction of the resistance vessel s and decrease in 
venous pressure, the capil lary pressure fal l s , so that more flu id  moves from 
the interstit ial  space into the capi l l ary bed. In this way the intravascu lar 
volume is expanded whi le  the interst i t ial and intracel lu lar volumes decrease. 
When a human has lost 500 ml of blood, only 1 5-30 minutes later 80- 1 00% of 
the lost plasma has been replaced by interstitial flu id .  After greater loss of  
blood, the  p lasma volume i s  returned to normal in 1 2-72 hours, during which 
time the protein losses not covered by the initial influx of albumin from 
extracel l u l ar regions are compensated by accelerated synthesis (Schmidt ,  
1 980) .  
The  kidneys play an  important role during the  acute stages of blood loss by 
their ab i l ity to conserve water. Because perfusion of the k idneys is restricted, 
urine production dec l ines,  and more sod ium and ni trogen containing 
metabol ites are retained in  the blood. The concurrent activation of  the renin-
angiotensin-aldosterone mechani sm has the end result  of sodi urn and water 
reabsorption by the renal tubules with a rapid restoration of  volume 
e q u i l i b r i u m .  
I f  blood loss i s  severe, and the mean arterial pressure fal l s  below 40 m m  Hg, 
inadequate cerebral blood flow activates the sympathoadrenal system . The 
sympathetic nervous d i scharge is several t imes greater than the maximum 
that  occurs when the baroreceptors cease to be st imulated, result ing in more 
pronounced v asoconstriction and myocardia l  contract i l i ty .  B radycard ia  and 
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hypotension may occur during severe degrees o f  cerebral ischemia  d ue to the 
vagal centers becoming activated (Berne & Levy ,  1 988). 
Blood Substitutes 
During the past century, there has been an enormous amount of research 
into the development of a red b lood cel l substi tute that may be ut i l ized during 
resusi tative efforts. The most important functions of a red cel l  substitute 
would be the abi l i ty to transport oxygen and carbon dioxide effectively and to 
support circulatory functions. A v iable red b lood cell substitute would have to 
be temperature stable, read i ly  avai lable,  and universal ly compatible.  I t  should 
also have a satisfactory intravascular persistence, and a long shelf  l i fe .  In 
regards to safety, this product should be free of  any undesirable side effects 
that might produce organ dysfunction, and should not pose a risk of 
transmit t ing transfusion-rel ated infectious h azards such as hepat i t i s  and 
acquired immuno-deficiency syndrome (Gould,  Lakshman , Sehgal ,  & Moss, 
1 992). 
B lood substitutes useful during an operat ive procedure can be c lass ified into 
two broad categories:  1 )  those that increase the delivery of  oxygen indirectly 
by volume expansion;  and: 2) those that have the capabi l ity of d irectly 
increasing oxygen content .  Category 1 includes crysta l loids and colloids, and 
Category 2 includes two classes of blood substi tutes that have been developed in 
the past few decades .  These are the perfl urocarbons and stroma-free 
hemoglobin (SFH) (Spence, 1 991). Both have potential  c l inical appl ications but 
neither have developed to the point of wide-spread c l in ical acceptance 
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(Tremper, 1 992). Only one perflurocarbon product has had sign i ficant c l in ical 
testing, that being Fluosol DA-20%. Reports cite favorable results in  
increasing del ivery of  oxygen to  anemic patients, ye t  concerns about adverse 
reactions,  complement activation from components of the solut ion,  and 
efficacy of the product soon fol lowed. S troma-free hemoglobin p roducts have 
been in d evelopment for years. However, concerns in regards to renal toxcity 
and excessive oxygen affinity have l imited their breakthrough into the 
m arket ( Spence, 1 99 1 ) . 
Replacement fluids for intraoperative blood loss 
Intravascular  vol ume replacement must be undertaken during an operative 
procedu re to counteract p reoperat ive dehydration ,  i nsens ib le  in traop erative 
l osses, sequestration of fluid around the site of surgery , and intraoperative loss 
of body fluids including blood (Ramsay , 1 991  ) .  Crystalloid and colloid solutions 
are the flu ids most often infused during surgery to combat these losses. 
Crystal loid solutions with the osmolality of plasma, such as Ringer's l actate or 
norm al saline, are distributed only to the extracel l u lar water. When infused 
rap id ly ,  equ i l ibration between the vascu lar  and interstit ia l  compartments 
takes less than I hour.  Due to the similarities in osmolality , these solutions 
should be used for large-vol ume replacement during hypovolemia .  Co l loids 
are defined as solutions containing large molecules that can not pass 
from the vascular  compartment to the interstitial space. They exert an oncotic 
pressure that holds on to a volume of water and electrolytes. Administration of 
col loids resul ts  in the absorption of interstitial fluid into the vascular space. 
For th is  reason, patients with severe hypovolemia, which cou ld resul t  from 
increased intraoperative blood l oss,  should be treated with a colloid solution 
along with infusion of crystal loid solutions to counteract the loss (Ramsay , 
1 99 1  ) .  
Estimation of allowable blood loss 
Several formulas have been derived for estimating al lowable pre-
transfusion blood loss. The formula most often utilized is the fol lowing:  
ABL = EBV x Ho - Hf/Ho 
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where ABL is the allowable blood loss; EBV is the patient's estimated blood 
volume; Ho is the patient's initial hematocrit for hemoglobin concentration; 
and Hf is the patient's minimum al lowable hematocrit. In 1 983 ,  Dr. J. Gross 
described the formula  as l inear, writing that it implies the fractional  decrease 
in hemoglobin or hematocrit is equal to the fraction of the total blood volume 
lost .  He further detail s the fact that intravascular volume usual ly  is 
maintained prior to b lood transfusion by administration of crysta l loids; 
hematocrit therefore shou ld  decrease gradual ly .  He states that each mill iliter 
of b lood contains p rogressively less hemoglobin , therefore the above formula  
overestimates the  hemoglobin loss .  Gross introduces a different formula  
which  would  correct for the  dilution tha t  results  during an  operative 
procedure. His equation:  
ABL = EBV x ( Ho - Hf/ Hav) 
where Hav is the average of the initial and minimum allowable hemoglobin 
concentrations or hematocrits. Verbal ly ,  this formula  states that the a l lowable 
blood loss is equal to the estimated blood vol ume multiplied by a fraction whose 
numerator is the difference between the initial and minimum al lowable 
hemoglobin concentration (or hem atoc rit) and whose denominator is the 
average of the initial and minimum al lowable hemoglobin (or hem atocrit) 
concentration. Gross utilized this formula  during several studies and the 
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corrected equation provided a c loser approximation to the al lowable b lood l oss 
for a given target hematocrit than did· the earl ier equation. The point is made 
that to insure an adequate hematocrit for oxygen transport whi l e  m in imizing 
unnecessary blood t rans fusions,  a scheme for deciding when erythrocytes 
should be transfused i s  desired. Gross writes that the old formula  may 
underestimate the blood loss by up to 500 ml in a patient with an initial  
hematocrit of  45%, and because of the accuracy and ease of use, the new 
formu l a  should be considered for calculation of al lowable p re -t ransfusion 
blood loss during surgical  procedures when int ravascu lar  volume i s  
maintained (Gross, 1 98 3 ). A lbert , Gravel , Turmel and Albert ,in 1 965,  however, 
w rite that blood volume measurements are " mean ingless " and that the results 
often do not corre late with the c l in ical picture. 
Estimation and ·  education 
Estimation of operative blood loss is a subjective measurement that i s  
performed by v arious members of  the  health care team during a surg ical 
procedure. The members of the team are from d ifferent educat ional  
backgrounds,  so the question presented i s  whether this d i fference in  
educational fields of practice would have a statistical ly significant bearing of 
the resul ts of estimating operative blood loss.  Cavonius believes that 
di fferences i n  est imation performance are based on persist ing indiv idual  
d i fferences, and that these differences are the resu l t  of the way in which an 
indiv idual 's nervous system processes sensory st imulat ion,  rather than a 
result  of response bias. It is also stated that indiv idual di fferences do not 
reflect any persisting attribute of  the subject's sensory or j udgmental 
p rocesses ,  and that individual deviations from the group means are random. 
Presenting resu l ts of  various experiments testing individual  est imation 
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behavior, Cavonius found that subjects tend to use similar scales for different 
sense modalities, which was interpreted as a manifestation of response bias. 
Also reported was the fact that individuals differed in their discrimination of 
sensory ·input because of a factor, such as motivation, that is unrelated to 
sensitiv ity. Whatever the cause , one might predict that poor discriminators 
would  p roduce a relatively low grade when making estimates, since they would 
tend to perceive al l  stimuli as similar (Cavonius, Hilz ,  & Chapman , 1 974 ) .  
Cahan and Cohen address the issue of schooling and intell igence in their 
1 989 report. They note that unlike most other age-related factors, schooling  is 
not inherent to chronological age. An analytical distinction between 
schooling and other factors that may affect intel ligence development is 
desirable on theoretical grounds : school is explicitly aimed at the development 
of  intel lectual abilities. The learning processes involved in many school 
activities are thought to affect the formation of the cognitive strategies needed 
for successfu l  performance on general ability tests (Cahan , & Cohen, 1 989). 
There fo re ,  d ifferences in estimation behavior and educ ational background 
can be considered when analyzing the subjectivity of estimating b lood loss 
du ring an operative procedure. 
Sum mary 
Estimation of blood loss during an operative procedure is made by various 
members of the health care team . An accurate estimation is of major clinical 
importance to sufficiently replace the deficit of the patient, be it with b lood or 
non-blood substitutes. Estimating blood loss is a subjective behavior, with 
various components that need to be considered. Educational background 
differs with each member of the health care team and may be a variable 
accounting for the highly subjective nature of estimating b lood loss. The 
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conceptual framework proposes the normal physiology of blood and blood 
products, to include replacement criteria, and also addresses the i ssue of 
education and estimation behavior. The purpose of the study is to determine i f  
there i s  a statist ical ly significant di fference in estimating operative blood loss 
among the health care providers in the operating room, all  who come to 
pract ice wi th  various educat ional backgrounds.  
Chapter Two 
Review of Literature 
It has been shown that there is a statistically significant difference when 
estimations of  operative blood loss have been compared to actual measured 
values. In 1 96 1 ,  Stuart Cullen, M. D. ,  editor of Anesthesiology, described the 
d i screpancy found when estimations are compared to measu rements. He detailed 
a study m which 53 patients scheduled for "major surgery" had their blood 
vo lume measured by using the radioactive iodinated serum albumin dil ution 
technique 24 hours prior to surgery .  The blood vo lume was again measured by 
this technique 2 hours after surgery in the recovery room.  The average blood 
loss measured equalled 734 mi. The average discrepancy between estimates and 
the measured blood loss was 299 mi. (standard deviation +/- 239). Cullen pointed 
out that when the estimated loss was greater than measured, the average 
discrepancy was 224 mi. (3 1 cases). When it was lower than measured, the 
average difference was 400 ml (22 cases). Cullen wrote that the results obtained 
did not con firm that clinical estimation of blood loss gave a c lose approximation 
to the actual loss.  He concluded by stating that an average of 40 % error 
emphasizes the necessity for closely assessing the cl inical response of the 
patient during the operation in deciding how much blood should be replaced. 
He wrote the estimated loss should guide, but not necessarily determine, the 
amount of  repl acement (Cullen, 1 96 1 ) . An extensive literature search for this 
study demonstrates the discrepancy found between estimated val ues of blood loss 
and actual measured val ues. 
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Measurjn� operative blood loss 
B lood loss during an operative procedure is usually estimated by the health 
care providers throughout the course of the surgery . This is an i n-exact 
science which usual ly leads to many d ifferent val ues. Several methods of 
measuring b lood loss have been described in the l i terature. I n  the 1 940's, the 
concentration of b lood in  i rrigating fluids was calculated through color 
comparisons with  tubes contain ing known concentrations o f  hemoglobin 
(deCarnpos, deCampos, Cordeiro, Borrel l i ,  & deGoes, 1 986). In  the latter part of 
the 1 950's ,  this technique was modified for the analysis of  nonhemolytic 
solutions. D uring this period, a blood loss moni toring device was introduced by 
Leveen and Rubric ius ,  that actually measured changes in conductivity 
associated with di fferent concentrations of  blood and electrolytes. Chemical 
reactions used l ater to calcu late the amount of  hemoglobin in i rrigating 
solutions were based on the transformation of hemoglobin to 
cyanmethemoglobin and were measured photometrical ly  (deCampos , 1 986) .  
Th is  technique,  described in 1 969 by Bond was named the H aemoglobin-
E xtraction-D i lut ion technique. The error in determinations of  hemoglobin 
with this system varies with the l aboratory and the frequency of  calibration; 
i t  may be as low as less than 0 .5% (Bond, 1 969). Bond described several sources 
of error with this technique. He classified the error as error due to di lution of 
the known volume of water by the volume; error due to inadequate mix ing or 
non-u n i form ity of  the hemoglobin sol ut ion;  error associated with the 
inaccurate measurement of large volumes of  water; errors associated with the 
determination of hemoglobin of blood and of the aqueous solution of 
hemogl ob in ;  and errors associated with variabil ity of the hemoglobin shed due 
to surgery (Bond, 1 969). He later wrote this method had an irreducible level of 
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error due to inaccuracy in  making the basic measurement, and stated that the 
value i s  between 0 .69% to 1 . 1 1 % .  I t  was also pointed out that this method 
becomes somewhat useless when blood loss exceeds 500 to 600ml ,  due to the fact 
that volumes of water in amounts greater than 50 l i ters would h ave to be 
u t i l ized d u ring  the measu rements .  
Other methods o f  measuring blood loss during a surgical procedure include 
actual ly  weighing soi led m ateri als from the operative field to determine the 
loss. V isual estimation of  blood loss, however, remains the standard for 
guidance in the event of repl acement therapy. 
Laboratory determination versus estimation of operative blood loss 
According to findings of Duthie and associates ( 1 99 1 ), there is a great 
d iscrepancy between the values of visual ly  estimated blood loss when 
compared to laboratory determ ined values.  B lood loss during normal del ivery 
was measured in a total of 62 patients, all who had no obstetric or medical 
complications and who underwent normal del ivery. Blood loss was estimated 
visual l y  by the chief attendant and recorded in the patient's record. B lood loss 
was also measured in the laboratory using the alkaline-haematin method. The 
findings of  the study exhibited that the measured blood loss was significantly 
h igher (12. < .05) than the estimated blood loss. The group of patients were 
subd ivided into primiparas (37) and multiparas (25 ) .  In  primigravidas, the 
mean ( + or- standard error of the mean) estimated blood loss was 260 +I- 1 2  cc 
and the mean measured blood l oss was 401 +/- 29 cc. In multiparas the mean 
estimated blood loss was 220 +/- 10 cc, and the mean measured blood loss was 
3 1 9 +/- 41 cc.  The mean estimated blood loss was significantly lower (D. < .05) 
than the mean measured blood loss in both groups. Of considerable cl inical 
s ign i ficance, the study i l l ustrated the point that the h igher the measured 
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b lood loss,  the greater the d i fference between the measured and estimated 
b lood loss .  In the event of underestimating blood loss, the inevitable result  
would be that  a p roportion of  patients would not receive the attention and 
treatment necessary fol lowing excessive b lood loss. The study also identi fied 
that the tendency to overestimate b lood l oss could be equal ly  dangerous.  The 
authors suggested that if blood loss is to be assessed real i st ica l ly ,  an educated 
guess must be combined with measurement of  the patient's vital signs and the 
hematocrit. The identification of a major  discrepancy between measured and 
estimated b lood loss underl ines the need for continued vigi lance. 
Intraoperative methods of reducin& bl ood loss 
The choice of anesthesia and operative techn ique can influence the amount 
of b lood lost during surgery. Yoshikawa, S ano, and Kanri wrote, for example, 
that care should be taken as to b lood loss during an oral and maxil lofacial 
surgery as the operative field involves the vascular system (Yoshikawa, Sano, 
& K an ri ,  1 989 ).  A number of operative approaches have been modified from 
existing techniques or newly developed to minimize blood loss in both vascu lar 
and orthopedic surgery .  For example, an end-to-side portocaval shunt over a 
splenorenal  shunt is prefered by vascu lar surgeons because there is much less 
blood loss with this approach . New advances in the field of  grafts, such as the 
woven D ac ron graft essent ia l ly  e l iminate blood loss from extravasation during 
aortic bypass and repl acement due to the minimum porosity of  the material . 
D ifferent approaches to surgical procedures have also been associated with a 
decrease in blood loss . For example, a modi lied approach to aortic aneurysm 
surgery by a Dr. Leather in which the standard transperitoneal approach i s  
switched to a retroperitoneal approach demonstrated a decrease in  estimated 
blood loss from 1 ,700 cc to 600 cc. Spence noted that the sine qua non of 
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b lood less surgery .is carefu l ,  ski l l fu l  operative technique. He  wrote that 
d i ssection along anatomic p lanes is essential and requi res a thorough 
knowledge of anatomy. Rip and tear surgical techniques only l ead to avulsion 
of  vessel s  and increased b leeding (Spence, 1 99 1  ) .  
A great majority of  the l i terature reviewed studied the effect of  hypotensive 
anesthesia on blood loss. Sol levi ,  in  his 1 98 8  paper, noted that the cl inical 
introduction of  control led (deliberate or induced) hypotension, i . e . ,  an 
intentional reduction of  systemic blood pressure below the level . normal ly  
occurrin g  during surgical anesthes ia ,  i s  genera l ly  attributed to Gardner 
(1 948) who described the use of arteriotomy as a method of inducing 
hypotension intraoperatively.  In  the early 1 950s ,  the use of  short-acting 
gangl ion-blocking agents,  made a more predictive reduction in blood p ressure 
possible ,  further enhanced the use of perioperative hypotension.  More 
recent ly ,  however, m any pharmacological agents have been used for inducing 
contro l led hypotension.  S uch agents incl ude various in travenous vasodi lators 
acting v i a  d i fferent pharmacological pr inciples ,  and inha lat ion anesthetics 
(Sol lev i ,  1 988) .  
Sol levis '  research concentrated on the  concepts and controversy of  
hypotensive anesthesi a and  b lood loss. He wrote the  idea  beh ind hypotensive 
anesthesia is to reduce surgical blood loss thereby either d iminish ing the need 
for blood transfu sion or improving the surgical field. He also discussed the 
controversy regard ing the va lue of  control led hypotension for b lood loss 
reduction . He noted that control led studies veri fying benefic ial effects of 
hypotension were essentia l ly  lacking in the early l i terature (more than 20 
years ago). Further, the induction of  hypotension may increase the risk of 
tissue damage due to hypoperfusion. Complication and contraind ications are 
also discussed by Sol levi .  There is a potential risk of cardiovascular 
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compl ications affecting di fferent  vital organs when systemic blood pressure i s  
reduced. Mortality was reported as early as 1 96 1  with this technique, but the 
i ncidence i s  extremely low. Severe compl ications are often associated with 
mismanagement of  the hypotensive agent used. Sol levi pointed out that 
during the last 1 0-25 years ,  anesthetic techniques and perioperat ive 
moni toring have improved,  and that the knowledge of the respi ratory and 
hemodyn amic  physiology during anesthesia and of  the pharm acological  
action of  the hypotensive agents was also greatly enhanced. In order to 
min imize the risk of various cardiovascular compl ications , it is general ly  
considered unwise to induce control led hypotension for blood loss  reduction in 
patients with i schemic heart di sease (heart fai lure),  cerebrovascul ar 
d i sorders ,  severe pulmonary , rena l ,  and hepatic d i sorders , uncontro l led 
hypertension, hypotension, severe anem ia.  Also addressed was the fact that 
there are several contraindications that have to be taken into account that are 
rel ated to the various speci fic hypotensive agents (Sollevi ,  1 988) .  
Another i ssue addressed in Sol levis' report is the  relationship between the 
degree of reduced systemic b lood pressure and the infl uence on perioperative 
blood loss.  It has been assumed that the more the blood pressure is reduced , 
the more effective is the prevention of bleeding. His  findings indicate it is 
possible that a mean arterial pressure below 60 mmHg lacks any additional 
effect in  reducing blood loss , while it  produced a risk of inadequate organ 
perfusion. He concluded it  is evident that the relationship between the degree 
of blood pressure reduction and blood loss sti l l  remains to be elucidated 
(Sol levi ,  1 988) .  
In  1 987, Lennon et a l . ,  described the effects of intraoperative blood salvage 
and i nduced h ypotension on transfusion req u i rements during spinal  surgical  
p rocedures. B lood loss that occurs during surgical correction of scoliosis 
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usua l ly  necessitates the t ransfusion of  b lood products perioperati ve ly .  
Preoperati ve ph lebotomy,  in t raoperat ive hemod i l ut ion ,  induced hypotens ion,  
and intraoperative autologous transfusion are techniques used to decrease the 
need for perioperative transfusions ( Bovi l l  & Norri s, 1 989 ) .  In thei r  report, 
they reported the efficacy of induced hypotension and i nt raoperative 
autologous transfusion · in decreasing homologous t ransfus ion requ i rements 
during surg ical procedures for the correction of scol iosis (Lennon et a l . ,  1 987).  
Deliberate hypotension was induced in 8 1  of 1 42 patients who did not 
receive intraoperat ive autologous t ransfusion.  They found that . the u se of  
i nduced hypotension was  not  associated wi th  a decrease in  blood transfusion 
requ i rements in comparison with the requ i reme!1tS for those in  whom 
hypotension was not induced. The paper did, however, describe reports of 
benefic ia l  e ffects  of intraoperative hypotension during surgical  procedures 
for the correction of scoliosis.  Malcolm-Smith and McMaster reported a 70% 
reduction in blood loss in 44 patients in whom hypotension was induced 
(systol ic  b lood pressures of 60 to 70 mmHg) during surgical correction of 
scol iosis.  They are quick to note that the use of del iberate hypotension poses 
theoretical  concerns. For example, neurologic damage caused by hypotension-
induced i schem ia may occur. They wrote, however, that current physiological 
research demonstrates that autoregu lation of  spinal cord blood flow occurs 
between mean pressures of 50 and 1 50 mHg, and cerebral blood flow remains 
normal at a mean pressure of  50 mmHg in heal thy men (Lennon et al. ,  1 987). 
The Lennon and associates report detail  three major methods of autologous 
transfusion which may be used during spinal surgical procedures.  First,  the 
patient may preoperatively donate blood that i s  stored as l iquid or frozen units 
in the blood bank until the time of operation. The success of  this technique, 
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however, may be l imited by the shelf l i fe of stored blood and by the occasional 
need for mul t ip le  donations. 
Another method described is that of intraoperative hemodilution. B lood is 
withdrawn at the onset of  the surgical procedure and i s  replaced with 
crystal loid solution. The blood is then returned to the patient during or at the 
end of  the operation. In a study reviewed, only 9 of 27 patients required 
homologous blood during their hospital stay (Lennon et a l . ,  1 987) .  
The thi rd type of autologous transfusion described is that of shed blood that 
is salvaged intraoperat ively. With use of this technique, b lood i s  aspi rated 
from the surgical field,  centrifuged, washed, and returned to the patient. The 
report describes a 50 % decrease in homologous blood requirements in a total 
of 99 procedures, most involving spinal operations with the use of this 
technique. In the study, a mean of  2.3 units of blood (range, 1 -7 units) was 
sa lvaged intraoperative ly .  Patients who rece ived autologous transfusions 
were given a mean of  2.0 units  of homologous blood intraoperatively in  
compari son wi th  5 . 1 units in the group who d id  not undergo blood salvage. 
Patients who were g iven autologous transfusions rece ived 43 % less 
homologous b lood for the entire hospital stay than those who were not (6.0 
versus 3.4 units) .  Lennon and associates concluded that because all the 
patients were well matched demographical ly  and all procedures  were 
performed by the same surgeon, the reduction in homologous blood transfused 
was probably attributable to the use of autologous transfusion and not to 
di fferences in surgical technique or patient selec tion (Lennon et a l ,  1 987) .  
Estimation of blood Joss by anesthetists 
In 1 985 , Gordon Kempe, CRNA , demonstrated that there was a Jack of 
corre lation between experience and accuracy m estimating b lood loss 
fol lowing h is  study which he tit led Estimation of Blood Loss by Anesthetists. 
Kempes' study consisted of 3 6  anestheti sts representing a l l  the di fferent 
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posit ions of anesthesia providers in a mid-Atlantic teaching institution.  They 
were asked to estimate the amount of blood on various materials  that are 
usual ly  found in an operating room setting. These materials included d ry 
sponges,  wet sponges (moistened with saline), sheets, gowns, and drapes.  They 
were also asked to include the years of experience in their chosen field. The 
results of  Kem pes' study supported the l i terature demonstrating that blood loss 
estim ation by vi sual assessment is an inaccurate method with average error 
approaching 50%.  No di fference in accuracy among the various groups 
existed by position in the anesthesia department. Among al l  the groups, an 
estimation error of 0 .5  was consi stent with reports in the l i terature. 
Summary 
The review of the l i terature demonstrates the judicious need for closely 
monitoring the patient during the course of a surgical procedure that invol ves 
the active Joss of blood. A typical underestimation of blood loss is usually seen 
when comparing measures of estimated versus those of l aboratory 
d e t e r m i n a t i o n .  
No studies have been found in the l i terature that compare the estimating 
abi l i t ies of the heal th care providers in the operating room that make these 
essential measurements ; . al though, Kempes' study ( 1 985) did examine one of 
these professions. This study sought to compare the subjective nature of 
25 
estimating blood loss by the various caregivers, and evaluate i f  the level of 
education was a contributing factor in  m aking a more accurate measurement. 
Chapter Three 
Methodology 
The l i terature rev iew produced evidence there i s  a statistical d i fference 
when comparing estimations of operative blood loss to those of actual 
measurements. The purpose of th is  study was to determine i f  there was a 
stat is t ica l ly  sign i ficant di fference among the various members of the health 
care team who are i nvol ved in making these estimations,  and to compare the 
groups for accu racy of est imation.  
Research Design 
The research uti l i zed a desc ripti ve study to establish a relationship between 
educational background and accuracy of estimat ing blood loss.  I nformation was 
a lso col lected to determ i ne if possible di fferences occu r  in relationship to years 
of experience in  a particular field of practice. The study also sought to 
determi ne if esti mat ing di fferences exist  due to placing blood on various types 
of sponges, drapes and towels or by collect ing the sponges d i fferently.  
Population 
The subjects participating i n  the study were from several departments of a 
l arge I ,052 bed mid-At lant ic  teach ing hosp i ta l ,  which i ncl uded the departments 
of  anesthesi a ,  nurse anesthes ia ,  nurs ing ,  and surgery . The part ic ipants 
were categorized in thei r appropri ate group, w i th the d i fferent levels  of 
pract ice  d i fferent i ated on the study form . 
2 6  
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Sample and Settin& 
A non-probabi l i ty based sample of convenience consisted of the various 
health care providers. The level of education was determined at the t ime of the 
study and documented. It was l imited to those volunteers who were able to 
participate in the study at the time of the research. 
The study was conducted during the early afternoon of a routine workday. 
Time and p lace for the study was determined by convenience to both the 
part ic ipants and the researcher. All confl icts in schedul ing was considered and 
resolved at the time of  the study. 
Data Collection Procedure 
The vol unteers were requested to participate t n  the study by a general public 
announcement. Data forms were di stri buted at the time of the research, and 
partic ipants were requested to answer all questions conc isely.  
The research design is that presented by · Kempe in 1 985.  There were 1 5  
estimations o f  blood volume to b e  measured b y  the participants o f  the study. The 
location of each estimation was called a station. Blood was placed into a basin via 
use of a syringe. The blood used for the study was donated by the blood bank of 
the institution , for it  had expired and was expendable.  The materi als were then 
pl aced into the basin and absorbed the blood. The absorbant materi als  used for 
the experiment consisted of 4 inch by 4 inch sponges and 1 8  inch by 1 8  inch 
sponges for Stations 1 ,  2 ,  and 3. Station 4 used other materi als as described below: 
S tation 1 consisted of 12 sponges arranged into three groups. Group A used 4 
d ry 4 inch by 4 inch sponges. Group B used 4 dry 1 8  inch by 1 8  inch sponges. 
Group C used 4 wet 1 8  inch by 1 8  inch sponges. These were moistened by adding 
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normal sal ine to the sponges and squeezing the excess saline out by h and. This 
l ast group of sponges were termed " wet l aps" .  
Station 2 consisted of a c lear p lastic bag in  which five sponges, premoistened 
with blood product were p laced; the bag was sealed closed. Station 3 consisted of 
a 20 gallon bucket on the floor in which five 1 8  inch by 1 8  inch sponges were 
p laced in view by draping the sponges over the bucket's edge. 
Station 4 consisted of a table with sheets, towels, drapes and two soiled 
surgeon gowns. The blood was di stributed on the gowns and the drapes and 
placed on the center of  the table in ful l  view of the participants; this was to 
s imulate an operating room setting. The participants were asked not to disturb 
the materials  on the table .  
The participants were told that they might manipul ate any of the objects in 
S tations 1 - 3 ,  yet were to leave the bag in Station 2 sealed. The participants were 
asked to make the ir  observat ions concerning Station 4 without touching the 
area, as i f  i t  were a sterile field. A form was provided for the participant, and 
they were asked to record all estimations. The sheet also inquired information 
as to years of experience in their field of practice (see Appendix  A).  
Upon completing the study, the partic ipants were given a l ist  with the 
correct amount of blood for each estimation. The maximum amount of blood that 
each sponge could absorb was also pointed out to each participant. 
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Data Analysis 
The data were analyzed by measures of analysis of variance (ANOV A) used to 
test the sign i ficance of  d ifferences between means  (Pol it ,  & H ungler, 1 99 1  ) . A 
p re-determined 12. level of < . 05 was considered significant to test the 
hypothesis .  The data was reviewed to determine whether di fferent l evel s  of 
educational background produced a statistical ly s ignificant est imation of  b lood 
l o s s .  
Chapter Fou r  
Results 
This study used a number of different protocols to assess the relative 
accuracy of blood vol ume estim ates by nurse anesthesia  students, cert i fied 
registered n u rse anestheti sts,  operating room n u rses, anesthesiologists ,  and 
surgeons. Ten nurse anesthesia students, e ight certi fied registered nurse 
anestheti sts, si xteen operating room nurses, twelve anesthesiologists,  and nine 
surgeons were included in the sample population. The purpose of  the study 
was to determine i f  the d i fferent levels of educational background was a 
contributing factor in estimating blood loss. A signi ficance of JL= .05 was used 
for data analysis .  
For the purpose of  statistical clarity , the subject groups were numbered as 
fo l l o w s :  
Group I :  nurse anesthesia students ( 1 0) 
Group 2: certi fied registered nurse anesthetists (8) 
Group 3: operating room nurses ( 1 6) 
Group 4: anesthesiologists ( 1 2) 
Group 5 :  surgeons (9) 
3 0  
3 I  
The statistical analysis was divided into Stations. The first analysis i s  of S tation 
I ( see Table I )  which consisted of three tables, each with di fferent sizes and 
types of sponges with vary ing amounts of blood. Four estimates were required 
at each table, for a total of 1 2  estimates. All data are in terms of deviations 
from true volumes in cc (sec Appendix B) .  
Table I 
Descrit>live statistics for Station 
Group Statistic Table I Table 2 Table 3 All Tables 
------------------------------------------------------------------------
N =  40 40 40 I 20 
Mean 5.525 0.875 3 .438 3 .279 
S. Dev. = 9.334 2 8 . 3 I 7  2 5 . 3 I 6  22.473 
N =  3 2  3 2  3 2  9 6  
2 Mean 0.609 -4 .563  3 .656 -0 .099 
S. Dev. = 6.566 1 8 . 694 I 7 . 3 6 8  I 5  .43 I 
N =  64 64 64 1 92 
3 Mean 8.656 1 6 .750  22 .266  I 5 .891 
S.  Dev. = 1 3 . 1 80 3 1 . 3 5 8  34. 709 28.468 
N =  4 8  4 8  4 8  1 44 
4 Mean 7.042 9. 1 67 9. 1 67 8.458 
S. Dev. = 1 3 .035 20 .736  22.096 1 8 .938 
N =  3 6  3 6  3 6  1 0 8  
5 Mean 7.472 -2.306 6.222 3 .796 
S. Dev. = 1 5 . 3 00 1 8 . 1 3 3 1 7 .278  1 7.344 
A l l  N =  220 220 220 660 
G ro u p s  Mean 6.370 5.99 1 10.652 7.67 1 
S. Dev. = 1 2 .339 26.237 26.752 22.840 
------------
--------
--------
--------
--------
--------
--------
--------
--
3 2  
Analyzing on the basis o f  level o f  education, the best estimates were 
obtained by the certi fied registered nurse anesthetists (CRNA's). They also h ad 
the smallest standard dev iation (were more consistent) . The poorest estimators 
were the operating room nurses. They a lso had the largest standard deviation. 
The n urse anesthetist students and the surgeons had about the same mean 
error, although the surgeons had less spread to their estimates. Table 3 
produced larger mean estimating errors than did Tables 1 and 2. 
To assess the sign i ficance of these differences, the fol lowing ANOV A table is 
i n s t ru c t i v e :  
Table 2 
ANOV A summa[)' for Station I 
Source Sum Sqs 
G ro u p  22792.974 
T a b l e  2608.25 1 
G ro u p * T a b l e  677 1 .305 
E r r o r  3 1 1 262. 4 1  
df 
4 
2 
8 
.. 645 
Mean Sq 
5678 .243 
1 304. 1 26 
846.4 1 3  
482.577 
F - ratio 
1 1 .808 
2.702 
1 .754 
< 0.00 1 
0.068 
0.083 
The group effect tests the hypothesis that all groups are statist ically equal . 
It reaches statistical s ignificance well  beyond 12-= .05,  therefore, the nu l l  
hypothesis of equal group means is rejected. 
To learn more about the group effect, a post-hoc Tukey HSD test was 
performed (Table  3 ) .  
Table 3 
Post-hoc Tukey HSD test for Station 
2 
3 
4 
5 
2 
3 
4 
5 
-3 .378 
12.6 1 1  
5. 1 79 
0.5 1 7  
0.794 
< 0.00 1 
0.3 1 3  
> 0.999 
Matrix of Paired Mean Difference 
2 
15 .990 
8.557 
3 .895 
3 
-7.432 
- 1 2.094 
Matrix of Pairwise Probabilities 
2 
- 0.001 
0.026 
0.7 1 3  
3 
O.D 1 8  
< 0.00 1 
4 
-4.662 
4 
0.454 
3 3  
5 
5 
3 4  
Five o f  the ten contrasts reach significance at 12. = .05. Four involve the 
operating room nurses, the other involves the anesthesiologists and CRNA 
i n t e ra c t i o n .  
The second analysis i s  o f  Stations 2-3-4, which had different aggregates of 
b lood-soaked m aterials ,  requiring a single estim ate at each station. Descriptive 
stati stics are included in Table 4. 
Table 4 
Descriptive statistics for Stations 2-3-4 
- ---- -- --------------------------------------------
Group Statistic Station 2 Station 3 Station 4 All Stations 
-----
-- ---
---------
---------
--------
----------
-----
N =  10  10  1 0  30 
Mean = -21 .700 -33 .500 -58.000 -37.7339 
S. Dev. = 36.9234 38 .948 28.402 37. 158  
N =  8 8 8 24 
2 Mean - 1 9.250 -45 .750 -62.750 -42.583 
S. Dev. = 39.860 43 .381  57.7 1 8  49.036 
N =  16  16  1 6  48 
3 Mean - 1 0.000 - 1 3 . 1 25 -42.500 -21 . 875 
S. Dev. = 47.645 62.009 53 .944 55.703 
N =  1 2  1 2  12 36 
4 Mean 8.333 - 1 2.333 -35 .4 1 7  - 1 3 . 1 39 
S. Dev. = 89.654 66.006 58.544 72.809 
N =  9 9 9 27 
5 Mean - 1 7.222 -42.222 -55.000 -38. 148 
S. Dev. = 42.947 4 1 .466 38 .079 42.407 
N =  55 55 55 1 65 
A l l  Mean - 1 0.655 -26. 1 64 -48.764 -28.527 
G ro u p s  S .  Dev. = 55 .635 53.97 1 48.888 54.878 
----------
----
----
----
----
----
----
----
----
----
----
----
-
----
---
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Several points are worth noting. First , the absolute errors are larger than 
at Station 1 .  Secondly,  although at S tation 1 the errors were generally in  the 
d i rection of  over-estimation, at Stations 2-3-4 the errors were in the d i rection 
of under-estim ation.  Third ly ,  S tation 4 produced greater mean estimation 
errors than did Stations 2 and 3. At Stations 2-3-4, the operating room nurses 
and the anesthesiologists produced the best estimates. Further analysis by 
ANOVA y ields the fol lowing inferential  evidence (Table 5 ) :  
Table 5 
ANOVA summary for Stations 2-3-4 
Source Sum Sqs df Mean Sq F- ratio 
--- ---------------------------------------------------- -
G ro u p  20 ,432.464 4 5 , 1 08 . 1 1 6 1 .780 0. 1 36  
S t a t i o n  39 , 1 1 0. 1 5 3  2 1 9 ,555 .077 6.8 1 4  0.()() 1 
G ro u p * S t a t n  2,577 .21 5 8 322. 1 52 0. 1 1 2 0.999 
E r r o r  43 ,0494.21 1 50 2,869.96 1 
The group effect does not reach statistical significance at J;L= .05 ,  therefore 
we do not reject the hypothesis of equal group means .  The interaction effect 
does not reach statistical significance, either; however, the S tation effect does 
reach statistical s ign i ficance and we reject the hypothesis of equal means. 
The post-hoc Tukey HSD test further explores this sign i ficance (see Table 6). 
Table 6 
Post-hoc Tukey HSD test for Stations 2-3-4 
2 
3 
4 
2 
3 
4 
Matrix of Paired Mean Differences 
2 3 
- 1 7.4 1 8  
-38.766 -21 .347 
Matrix of Pairwise Probabilities 
2 
0.222 
0.00 1  
3 
0 . 105 
The contrast between the mean estimation errors of Stations 2 and 4 
4 
4 
reaches statistical s ignificance. It appears from analyzing the data that it is 
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tougher t o  estimate b lood volume on drapes, sheets, and surgical gowns than it  
is to estimate on sponges. The results of the interaction between Station 2 and 
Station 4 reaches stati stical significance beyond a 12. < .05. 
Chapter Fiv e  
Discussion 
The purpose of this study was to determine whether the educational 
background of health care providers in the operating  room is  a contributing 
factor in  accurately estimating blood loss v ia  visual i zation in  a control led 
setting. The hypothesis stated that educational background of  the health care 
providers in the operating room has no effect on the accuracy of estimating 
blood loss via v isual ization. B ased on the statistical tests uti l ized in this study, 
there was a l ack of descriptive significance between increased accu racy in 
estimating b lood loss and educational background. By study design, where all 
data was in terms of deviations from true volumes, Station I p roduced a group 
effect of statistical s ignificance well beyond pre-establ i shed level of  
s ignificance (12. < .00 1 ) . Stations 2, 3 ,  and 4 produced a group effect which does 
not reach statistical sign i ficance at 12. = .05 ( 12.= 0 . 1 36) .  
Macro analysis of the means across al l  measurements between a l l  groups in 
S tation I rejects the nul l  hypothesis of equal group means. The ANOV A 
revealed that the group effect reached statistical sign i ficance at 12. < .00 1 .  The 
other two effects for Station I do not reach statistical significance at 12.= .05. In  
other words, do not reject the hypothesis of equal means for the three tables of 
S tation I .  Macro analysis of the means across al l  measurements between 
groups in S tations 2,3 ,and 4 does not reach statistical significance at 12. = .05. 
37 
Therefore, do not reject the hypothesis of equal group means for S tations 
2,3 ,and 4. The interaction effect for these stations does not reach statistical 
s ignificance, however, the station effect does reach statistical s ign ificance 
and we reject the hypothesis of equal means. 
3 8  
Further micro analysis of the paired mean di fferences were performed by 
use of  a post-hoc Tukey HSD test on the group effect for S tation 1. Five of the 
1 0  contrasts reached significance at 12. = .05 . Four of these contrasts involved 
the OR nurses who proved to be the poorest estimators for S tation 1 ;  they also 
had the l argest standard deviation for this station. Micro analysis of  S tations 
2,3 ,and 4 was s imi larly performed by the Tukey HSD test, and demonstrated the 
contrast between the mean estimation errors of Stations 2 and 4 reached 
s ta t i s t ica l  s i g n i ficance .  
Comparison of Results to Previous Studies 
An extensive l i terature review revealed one study with which this study 
could be compared, that being the Kempe study of  estimating behav iors among 
anesthesia providers in the operating room. Both studies support the findings 
that b lood loss estimation by visual assessment is an inaccurate method. A 
find ing that di ffered between the two studies was the fact that the partici pants 
in the Kempe study found it  more difficult to estimate blood loss on the 
sponges, whi le  the partic ipants in th i s  study found it more d ifficu l t  (greater 
dev iation from the actual amount) to estimate blood loss on the drapes ,  gowns, 
and sheets. Overal l ,  there was no difference in accuracy among the various 
groups in  both studies. 
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Limitation with the study 
The time to perform the study was l imited (4 hours) due to the tendency of  
the  blood products to dry on the materials presented for estimation. A l im ited 
amount of blood was received for the study which made the project a one day 
e v e n t .  
Recommendations for further study 
The recommendations for future study are: 
1 .  Repl icate the study with a greater number of corresponding subjects. 
Encourage all members of the health care team to participate in the study, and 
possibly award the subjects for their participation. 
2. Replicate the study on several di fferent occasions; possibly at different 
parts of the work day to generate a greater number of participants. 
3 .  Repeat the study with a greater volume o f  blood products to expand the 
number of estimations made by the participants. 
This study sought to show stat istical significance in estimating blood loss 
when compared to measured values,  and to determ ine whether the educational 
background of  the health care prov iders in the operating room is a 
contributing factor to estimating this loss. The hypothesis stated that 
educational background would have no effect on the accuracy of  estimation 
b lood loss via visual ization. Results ind icated that the estimating errors were 
general ly  in the d i rection of o v e r -estimation for Station I and that the group 
effect reached statistical s ignificance beyond a 12. value of .05 ,  therefore,we 
reject the hypothesis of equal group means. Stations 2, 3, and 4 produced 
results in the direction of u nder-estimation, and that the group effect did not 
reach statistical sign i ficance ; there fore we do not reject the hypothesis of 
equal g roup means .  
40 
I n  conc lusion,  based on the resu l ts from the stati stical analysis,  estimation 
of  operative blood loss by health care providers in the operating room remains 
an inexact science and ,  further necessitates the need to judiciously assess the 
patient for detrimental effects that m ight occur during periods of  excessive 
b l e e d i n g .  
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Appendix A 
Dear Health Care Provider: 
A study is  being conducted to determine the blood loss estimating 
ski l l s  of the health care providers at this institution.  Your voluntary 
participation i n  thi s  study is greatly appreciated. The data col lected 
includes brief facts about your occupation; names are not requested 
and anonymity w i l l  be mai n tained . 
P lease complete the following information and place your 
e stimation of the amounts of blood i n  the spaces provided. 
General I n formation 
Age: __ . Profession : 
Number of Years Practicing: 
__ 
_ 
. (Please be specific) 
Circle one : Male Female 
S tation 1 :  Please write your estimation of the amount of blood on 
each sponge.  
Table 1 Table 2 Table 3 
(dry 4X4) (dry laps) (wet laps with NS) 
1 .  
--
cc. 5. 
--
cc. 9. __ cc. 
2. 
--
cc. 6. 
--
cc. 1 0. __ cc. 
3. cc . 7 .  
--
--
cc. 1 1 .  __ cc. 
4. cc. 
--
8 .  __ cc. 1 2. __ cc. 
S tation 2: Please wri te your esti mation of the total amount of blood 
contained on the 5 sponges in the clear plastic bag .  Please do not 
open the bag. __ cc. 
S tation 3 :  Please write your estimation of the total amount of blood 
on the 5 sponges in the bucket. cc. 
S tation 4: Please write your estimation of the amount of blood 
con tained on the operating room table drapes and gow n s .  Please do 
not handle the obj ects.  ____ cc. 
Appendi x B 
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Appendix B 
Control Volumes o f  Blood Products 
I .  10 cc 
5. 30 cc 
9. 10 cc 
Station 
2. 1 5.cc 
6. 15 cc 
1 0. 25 cc 
3. 8 cc 
7. 40 cc 
1 1 . 35 cc 
Station 2 
90 cc 
Station 3 
1 25 cc 
Station 4 
1 25 cc 
4. 1 2  cc 
8. 38 cc 
1 2. 20 cc 
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